abstract BACKGROUND: The Strengths and Difficulties Questionnaire (SDQ) is widely used to screen for child mental health problems and measure common forms of psychopathology in 4-to 16-year-olds. Using longitudinal data, we examined the validity of a version adapted for 3-to 4-year-olds.
WHAT'S KNOWN ON THIS SUBJECT:
Although the psychometric properties of the school-age Strengths and Difficulties Questionnaire (SDQ) have been extensively examined by using longitudinal data, the preschool version of the SDQ has only been explored in a limited number of cross-sectional studies.
WHAT THIS STUDY ADDS:
This is the first psychometric study of the preschool SDQ using longitudinal data. We report measurement invariance over time, satisfactory reliability, construct and criterion validity, and predictive utility for subsequent behavioral problems (4 years) and clinical disorders (2 years).
The Strengths and Difficulties Questionnaire (SDQ) 1 is widely used in research, clinical, and community settings to screen for externalizing and internalizing problems. [2] [3] [4] Five subtypes of children's behavior (conduct problems, hyperactivity, emotional problems, peer problems, and prosocial behaviors) are each assessed with 5 questions. Three versions are available for school-aged children: parent-and teacherreported versions (4-16 years) and a self-report version (11-17 years) .
Several studies have addressed the validity of the parent-reported SDQ in school-aged samples, predominantly confirming the intended 5-factor structure. 5, 6 A 3-factor configuration of externalizing (conduct problems and hyperactivity), internalizing (emotional and peer problems), and prosocial factors has also been proposed and suggested for use in epidemiologic studies and in low-risk populations. 7, 8 The internal reliability of SDQ subscales has been predominantly examined by using Cronbach's a, a measure of the interrelatedness of items; however, a estimates are a lower bound for reliability and is often underestimated. 9 A meta-analytic review reported weighted mean a coefficients extracted from 26 studies that showed generally modest reliabilities for parent reports (0.53 , a , 0.76). 10 McDonald's v, which estimates the proportion of a scale measuring a construct, typically yields higher reliability estimates but has rarely been used to assess reliability of the SDQ. A comparative study reported higher v coefficients (0.74 , v , 0.91) than a coefficients (0.54 , a , 0.82) for the school-age SDQ. 9 Previous research offers strong evidence of the school-age SDQ's relatedness to separate constructs (convergent validity). Weightedaverage correlation coefficients between equivalent pairs of SDQ and Child Behavior Checklist subscales 11 from 9 parent-reported studies were uniformly strong and positive (range: 0.52 , r , 0.71). 10 Several studies showed strong correlations between SDQ subscales and "real world" outcomes such as clinical diagnoses (criterion validity); SDQ scores identified school-aged children with concurrent behavioral and emotional disorders, including attention-deficit/ hyperactivity disorder (ADHD) and autism spectrum disorder/Asperger syndrome (ASD/AS), and predicted their occurrence 3 years later. 4, 12, 13 However, multitrait-multimethod analyses have not provided consistently strong evidence of discriminant validity of the schoolage SDQ subscales. For example cross-informant, within-subscale correlations have sometimes been no stronger than cross-subscale correlations, 4 suggesting that the intended behaviors are measured with some overlap between constructs. 4, 14 A slightly modified version of the SDQ has been developed for preschoolaged (3-4 years old) populations (http://www.sdqinfo.org). Preschool is a valuable time to identify and treat childhood psychopathology, and parent report is likely to provide a particularly informative perspective.
Assessing the psychometric properties of the parent-reported preschool SDQ is imperative before widespread adoption can be recommended. However, only 4 studies [15] [16] [17] [18] have done so, and none performed a single comprehensive assessment of convergent, discriminant, and criterion validity, measurement invariance across time, and internal reliability.
The previous studies were based in The Netherlands, 15 Spain, 16 Germany, 17 and Japan. 18 Each supported a 5-factor configuration. [15] [16] [17] [18] Table 1 presents preschool internal reliabilities compared with the school-age SDQ. 10 Only 1 preschool validation study This study is the first, to our knowledge, to assess the psychometric properties of the preschool SDQ by using longitudinal data. We used parent-reported preschool SDQ scores at age 3 in conjunction with school-age SDQ responses collected at ages 5 and 7 to determine the optimal factor structure and the extent of measurement invariance across time.
We examined internal reliability with a and v coefficients and convergent and discriminant validity by using average variance explained (AVE) scores. Finally, we used criterion outcome measures at age 5, which included parent-reported diagnoses of ADHD and ASD/AS and teacherreported measures of personal, social, and emotional (PSE) development to assess the utility of the preschool SDQ to predict clinical outcomes 2 years later.
METHODS

Participants
The The National Health Service Research Ethics Committee provided ethical approval to the MCS. Informed consent procedures included obtaining written parental consent.
SDQ Measures
The parent-report SDQ 1 contains 25 items forming 4 difficulties subscales-conduct problems, hyperactivity, emotional problems, peer problems and a prosocial subscale. The preschool version (administered at age 3) and standard version (ages 5 and 7) were used. In the preschool version (www.sdqinfo. org), 3 items are adjusted to reflect age-appropriate behaviors and contexts. Specifically, "argumentative with adults" and "can be spiteful" replace "often lies or cheats" and "steals from home, school or elsewhere" (conduct problems subscale), and "can stop and think before acting" replaces "thinks things out before acting" (hyperactivity subscale). Parents rated statements as either 0 (not true), 1 (somewhat true), or 2 (certainly true).
Criterion Measures
When the children were age 5, the parents were asked whether a health professional had ever diagnosed the child with ADHD and ASD/AS. Medical records were not consulted. Prevalence rates were 0.9% for ADHD and 0.9% for ASD/AS (0.2% for comorbid disorders).
PSE development (a subscale of the Foundation Stage Profile) was rated by teachers for children aged 4 to 5 years (www.education.gov.uk/ eyfs). The scale contains 27 dichotomous items that measure dispositions and attitudes, eg, "maintains attention and concentrates"; social development, eg, "plays alongside others"; and emotional development, eg, "separates from main carer with support." The internal reliability of this scale in the MCS was a = 0.91.
Analysis
Analysis of the preschool SDQ comprised 5 stages, in turn assessing internal factor structure, internal reliability, measurement stability over time (measurement invariance), construct validity, and predictive criterion validity.
First, the preschool and school-age SDQ's factor structure was examined by using confirmatory factor analysis. The established 5-factor model was compared against a 3-factor model (externalizing: conduct problems and hyperactivity; internalizing: emotional and peer problems; and prosocial factors) 7 and a 1-factor model (ie, Harman's single-factor test A confirmatory factor analysis model in which factor loadings of the 3 items were free to vary across time was compared with one in which they were constrained.
Finally, predictive validity was examined. We tested predictive criterion validity using age 5 outcomes of ADHD and ASD/AS (binary measures) by using probit regression and PSE (continuous) by using linear regression. Probit regression coefficients range from 21 to 1: 1-point increases in predictors equate to increases in the outcome z score (SDs above the mean) at the magnitude of the regression coefficient. Predictive validity of the preschool SDQ was also assessed through correlations with school-age SDQ scores.
Mplus v7.11 was used for all analyses. 23 SDQ items were treated as ordinal, with weighted least-squares means and variance-adjusted estimation used. 23 Given the x 2 statistic's propensity to reject good models when samples are large and/ or complex, the comparative fit index (CFI) and root mean square error of approximation (RMSEA) were used to assess model fit. Model fit was considered adequate where CFI values exceeded 0.95 and RMSEA values fell below 0.06. 24 For testing competing models in very large samples, we followed Cheung and Rensvold's (2002) suggestion that parsimonious models are superior when increases in the CFI offered by more complex model are #0.01.
25
Acknowledging the high power achieved with our large sample, the statistical significance level for testing parameters was set at P , .0005. Effect sizes and 99.95% confidence intervals were reported appropriately.
RESULTS
The 5-factor model (x 2 = 28 332, degrees of freedom [df] = 2520, P , .0005, RMSEA = 0.025, CFI = 0.905) fitted the data better than 3-factor (x 2 = 36 769, df = 2589, P , .0005, RMSEA = 0.028, CFI = 0.874) and 1-factor (x 2 = 62 172, df = 2622, P , .0005, RMSEA = 0.037, CFI = 0.780) models, so was used in subsequent analyses. Standardized factor loadings for the 5-factor configuration (Fig 1) ranged (Table 2 ). However, the underlying factor explained .20% of item variance for all but 2 of the 25 preschool items.
Reliability analyses yielded comparable a and v estimates. Internal reliability of the standard SDQ was acceptable at ages 5 (a: 0.71 , a , 0.85; v: 0.72 , v , 0.86) and 7 (0.76 , a , 0.86; 0.77 , v , 0.88). By using the preschool version at age 3, only the peer problems subscale failed to achieve the 0.70 benchmark for satisfactory internal reliability (0.63 , a , 0.80; 0.66 , v , 0.83). Examination of 99.95% confidence intervals indicates that, although mostly adequate at age 3, internal reliability was significantly higher at ages 5 and 7 (Table 3 ).
Factorial invariance analyses tested whether item-factor loadings and threshold values differed significantly across time. For each subscale, when factor loadings were constrained to be equal across time, fit indices were not reduced compared with the configural model (model A, Table 4 ), demonstrating metric invariance. Furthermore, constraining item-factor thresholds equally across time did not reduce fit indices for the conduct problems and prosocial subscales, demonstrating scalar invariance. Three additional models were tested to establish the best-fitting model (Table 4) . In model B, all factor loadings and *The 3 amended preschool items were free to vary during factorial testing.
conduct problems and prosocial thresholds were constrained. Model C additionally constrained hyperactivity thresholds, which showed an insubstantial loss of fit from the configural model (DCFI = 0.002) when tested for scalar invariance (constraining thresholds only). In model D, all factor loadings and thresholds were fixed equal across time. Fit indices for model D were poor but were acceptable for models B and C. Model C was preferred, due to its parsimony. Model C demonstrated strong (ie, factor loadings and thresholds) invariance for conduct problems, hyperactivity, and prosocial
FIGURE 1
Configural invariance confirmatory factor analysis model for SDQ showing standardized item-factor loadings and across-time correlations with 99.95% confidence intervals. All paths were significant at P , .0005; n = 16 659.
subscales and metric (ie, factor loadings) invariance for emotional and peer problems.
We assessed convergent and discriminant validity using AVE scores. Although item R 2 values (ie, proportion of item variance explained by the underlying factor) increased slightly with age, factor loadings were not significantly different across ages in the unconstrained model A (Table 5) . AVE scores for the preferred model C ranged from 0.34 (peer problems) to 0.60 (hyperactivity), with only hyperactivity achieving the 0.50 benchmark for satisfactory internal convergent validity. 22 and, conversely, lower R 2 values for the standard age 5 hyperactivity item (compared with the adapted preschool equivalent) ( Table 6 ).
The predictive validity of SDQ subscales was supported by strong positive correlations between age 3, 5, and 7 SDQ factors (Fig 1, Table 7 ). No significant differences between correlations were found. By using probit and linear regression analyses, only the preschool conduct problems and hyperactivity subscales independently predicted age 5 outcomes (Table 8) Table 9 ).
DISCUSSION
This is the first longitudinal examination of the psychometric properties of the parent-reported preschool SDQ from preschool to school-age developmental stages. The 5-factor model established for the school-age SDQ provided an adequate fit to preschool SDQ data. Subscales exhibited good internal reliability and adequate discriminant validity, albeit alongside weaker internal convergent validity. All subscales demonstrated metric factorial invariance over time, with conduct problems, hyperactivity, and prosocial subscales presenting strong factorial invariance over time. Conduct problems and hyperactivity subscales also predicted clinical disorders 2 years later.
Our findings diverge from previous research in 2 areas. First, we reported poor model fit for the alternative 3-factor configuration; alternative validation studies observed adequate fit for both configurations using school-aged 4 and preschool-aged 16 populations.
Second, we reported higher Cronbach's a reliability scores than most preschool and school-aged validation studies, 10, 15 with only the preschool peer problems subscale failing to meet the a . 0.70 criteria for satisfactory internal reliability. Because of skewness and the ordered categorical nature of our variables, we estimated a within a structural equation model framework, which resulted in higher a coefficients. 20 Our v reliability analyses yielded results consistent with previous studies reporting v reliabilities for preschool and schoolage SDQs. 9, 16 This was the first examination of discriminant validity using the preschool SDQ. Satisfactory discriminant validity was observed for all preschool subscales. However, weak internal convergent validity suggested that some items are not strongly related to their associated factors. Item variance explained by respective factors increased with age, consistent with previous research that observed parentreported SDQ factors typically accounted for 50% of item variance for 10 to 12 year olds and ,50% for 5 to 7 year olds. 27 The 2 preschoolspecific conduct problem items had adequate communalities compared with the age 5 equivalent; conversely, the preschool "reflective" item was a poor indicator, with the hyperactivity subscale explaining only 15% of item variance.
Substantial positive correlations between corresponding factors measured at ages 3, 5, and 7 years support the predictive validity of SDQ subscales across 2-and 4-year periods. Moreover, correlations between preschool and age 5 scores were comparable to those between age 5 and 7 scores, supporting the predictive validity of the preschool SDQ as similar to the school-age SDQ administered at age 5.
Preschool conduct problems and hyperactivity subscales demonstrated predictive criterion validity over 2 years. Hyperactivity positively predicted ADHD, ASD/AS, and PSE development. Conduct problems positively predicted ADHD. We also report a weak positive simple relationship between conduct problems and ASD/AS, which became negative when other SDQ subscales were covaried (Supplemental Table 9 ). A similar negative relationship between conduct problems and ASD/ AS while controlling for other SDQ subscales was reported with older children. 4 This negative relationship may reflect overlap with other SDQ subscales, particularly hyperactivity, a robust independent predictor of later ASD/AS.
Limitations
We found substantial continuities in peer and emotional problems, as measured by the SDQ, from preschoolto school-aged children; however, 
Implications
The current study validates the SDQ as a brief measure of emotional and behavioral problems in preschool children, with psychometric properties largely comparable to the extensively used school-age SDQ. The current findings encourage its application within research contexts and as a screening tool in clinical and community settings. Screening raises several issues beyond the psychometric properties of the instrument, which have been discussed elsewhere. 28 
CONCLUSIONS
The school-age SDQ has been extensively validated for its intended use as a screening tool to detect 4-to 16-year-olds at risk of clinical or developmental disorders. 1, 10, 29 The current study confirms satisfactory psychometric properties for the adapted preschool version, affirming its utility as a brief measure to identify 3-to 4-year-olds with emotional and behavioral difficulties.
